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Phosphohpld vesicles were entrapped in gel` beads of Seplmfose 6B and Sephaeryl ,,%1000 dexing veskle preparmion by 
dialysis Egg-yolk ldmspholipids solubillzed with cholate or octyl glucoside were dialysed together with gel beads for 2 S 
days m a fiat dialysis bag Some vesicles were formed in gel bead pore,; and vemdes of sufficient size became trapged. 
Red ceil membrane protein-lfaospholipid ves, eles could be immobthzed in the ~ame way. N o a - ~  vesicles ~ r e  
carefully removed by ehromatogra#ilC im,oedure~ and by eenmfueation The amount of entrapped vesicles in.-eased 
with ~ initial lil~l eoneenlration and was dependent on the relative s u e s  ol vesictes and gel pores. The lazgest amount 
of trapped vesicles, corresponding to 9.5 pmol of pbospholipids per ml ge l  ~v&~ adueved when Sephar(me 615 gel beads 
were thalysed with chdate-selubil;zed li#ds at a comment]ration of 50 raM. In this ease the ves~les had an average 
diameter of 60 nm and an internal volume of 15 ~ l / m l  gel. The amount of veskles trapl~l in Septmeryl S-1000 gel 
beads upon dialysis under the same condifioas was smaller. 2 2 Fn~  of plmsph~ipids per mi gel. Pmba~y most of the 
gel 9ores were leo Imge to trap rod,  vesicles. Larger veskles, with an average diameter of 230 nm, were entrapped in 
the Scphacr~t S-IO00 maU'tx in an amount c~mrespoading to 3.0 pmol phospholipids per ml gel upon dialysis of the gel 
beads mul ot'~l glueoslde.solubi|ized lildds at a ¢oneeatration oi 20 mM The internal relume of these vesicles was 22 
p l / m l  gel. The yield of Immobilized phospholipids was up to 19%. The entrapped ~esides were semewhat m~table: 9% 
of the plm~lSbolipids were released dm'ing 9 tlays of storage at 4 ° C  By the dialysis entrapmem method resides tan  be 
immobUized m the gel beads without using hydroptmbtc hga~ls  or covalent couphng. 

In t rode~on 

Phosphohptd vestcles and protem-phosphohptd 
vesteles can be m~mobthzed on hydrophobtc denvatwes 
of Sepharose and SephacryI gel, beads [1,2] A new 
apphcaUon has been described recently After meorpo- 
raUon of a transport protein mto the hp]d btlayets a 
chromatographm effect of the transport can he observed 
( 'transport retemton chromatography') [2] In addmon, 
mteracttons between, for instance, macmmolecules and 
the hptd vesicles can be studied, although non-specific 
binding m free hydtophoblc hgands m the gel beads 
may be &sturbmg. The purpose of the present work was 
to show that vestries could be meehameally entrapped 
into gel beads wthont  the use of hgands or covalent 
coupling Ves]ctes of suffmient stv.e became entrapped m 
get poTes m which they were formed upon dtalysls of 

Abbre'aaOoa DTE, dtthloerythmol 

Correspond~m~ M Wallst6n~ Dep~an l  of Bzochean$try, Bmme~- 
cal Centre', Umverstty or Uppsala, PO Box 576, 5-751 23 Uppsala, 
Sweden 

00US-2736/89/$03.50 © 1989 Elsevier Scxcn~e Pubhshexs B V (Btotttedacal 

mixtures of detergent-~olubthzed hptds and get beads 
Addmon of arnplupluhc wcmbrane p[omms to the dtal- 
ys]s mt,r,lre ted to the formation of protcm-phosphoh- 
ptd vestcles, some of whJ~h became trapped m the gel 
pores We have deterrnmed the amounts and ~ of the 
lmmobth:zed ,~es]clcs Amplnphdes incorporated mto the 
hptd bflayers of the entrapped VeSl¢tes have proved to 
be accessthle for bmdm~ to proteins (to be reported 
elsewhere) 

Materials and Methods 

M a t e n a b  

Calcem, &tluoerythm01, n-octyl /]-D.glucopyrano- 
side (very| glucos]de) and Tns  (Tn2ma base) were bought 
from Sigma (St Lores, MO, U S.A ) D-[U-14C]Olucose 
(10 GBq/mmo])  and [carboxy/-14C]c,h.ohc acid (2 
GBq/mmol)  were purchased from Amersham lntema- 
Uonal (Amersha.L U K ) or New England Nuclear, Du 
Pont, NEN Products (Boston, MA, U S , A )  2- 
Mercaptoethanol was from Fluka (Buchs, Svatzedand) 

Dtwsmn) 
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Other chernteals were as described in Ref 2 Human red 
cell concentrate was obtamed from the Blood Bank at 
the Umvemty Hospital (Uppsala, Sweden) The dmlysis 
tubings were of the regenerated cellulose type, molecu- 
lar weight cut-off gjven as M r 12000-14000, from 
VJskast (Cluc£go, IL, U S A ). Sepharose* 6B and Sep- 
haeryl ® S-1000, lot HM 24028. wo,e obt,,med from 
Pharmaeta LKB Btotechndogy (Uppsala. S,veden) 

Phosphohp~d soluuom 
Egg-yolk phosphohpids (70% phosphatidylchohne 

and 21if, phosphattdylethanolarmne) were prepared as 
described earher m detad [3] The hplds were dispersed 
m a detergent-contalmng aqueous medium by wgorous 
st~mag at pH 7-8 for 35 nun at 22°C Dttk~oerythntol 
(DTE) was added, the pH was adjusted to $ 4 with 
NaOH and the rmxtures were stirred overmgnt at 4°C 
Finally the mixtures were centrifuged for 2 h at 160000 
× g  at 2°C and floating material was discarded (el 
Ref 1) The fmai concentrations wore (phosphohptd 
solution A100) 100 mM phosphohpads, 125 mM chelate, 
200 mM NaCI, 1 mM Na2-EDTA, 2 mM DTE, 0 1 mM 
D-glucose and 20 mM Tns-HCt (pH $ 4) or (phos- 
phohpld solution B40) 40 mM pl',osphohplds, 400 mM 
octyl glucoslde, 200 mM NaCl, I mM Na,-EDTA, 2 
mM DYE and 20 mM Tns-HCI (pH 8 4) 

Membrane protein solutwn 
Human red cell membranes were prepared and 

stnpped of peripheral proteins [4] The integral mem- 
brane proteins were sotubmzed at 8 mg/ml with 75 mM 
octyl glucoslde m 2 n" M DTE/50 mM Tns-HCI (pH 
7 0) by sin-ring for 20 mm at 2~C (of Ref 3) Insoluble 
material was sedm~ented by eentnfugatmn for 60 nun at 
160000 × g at 2°C The protein concemratton in the 
supernatant was apprOx 4 mg/ral [3I 

Methods 

Dlalysu.tmmobdfzatwn 
Ltpio ve~tcles were prepared and simultaneously en- 

trapped m ,gel beads by dmlysts of gel bga "% either wRh 
cho]ate-solubdized hptds agmnst 200 mM ~Cl, I mM 
Na,_-EDTA, 1 mM 2-mercaptoethanol, 01 mM D-glu- 
cose and 20 mM Trts-HCl (pH 7 0) (buffer A) or with 
octyi glucos~de-solubdtzed hplds against buffer A 
without glucose (buffer B) 

The phosphohptd solution A100 was dduted wRh 
buffer A eather to 50 mM hptds and 62 mM chelate 
(phosphohptd so]ulaon A50) or to 20 mM hplds and 25 
mM chelate (phosphohpld solution A20) Phosphohpid 
solution B40 was diluted with buffer B to 20 mM hptds 
and 200 mM octyl glucostde (phosphohp]d 8elation 
B20) At these concentrations osmotic dtlution was small 
during the dmlysts described below (In some cases 
proteins were included ) Then 3 0-3 5 nil of phosphoh- 

a...,..-SC 

Fig 1 Dmlysts tell IA) Perspex frame (distances m nua) used m g~ve 
the &alysts membmrte a fiat shape (IS) Dmlys~s cell A 15 era-long 
dialysis tubing (~ffeamferenee 611 ram), was shpped onto the close-fit- 
tm 8 frame, the ,~oriom end of the tubing was closed wuh a plastm 
string and the b, g was filled with the dialysis mixture The frame was 

then covered ~J,h a lid and the lop end of the tubing was dosed 

ptd solutmn ~50, A20 or B20 was pumped rote Sep- 
harose 6B or Sephaeryl S-1000 I X 3 em columns (2 5 
ml) at a flow rate of 15 m l / h  for Sepharose 6B and 20 
rnl /h for Sephaeryl S-1000 The  gels were them trans- 
ierred dtre~.tly from the cohmms tree dialysis tubings, 
~i'uch werd~" closed at one end and stretched out to flat 
shapes by the use of U.formed plastic frames (Fig 1) 
In this way we could easily pack the gel and the 
detergent was more rapidly removed from the rmxture 
of gel beads and hpld solutaon, than m a cylindrical 
tubing The dtalysas cells were covered voth plastlt: hds 
and the bags were closed The samples were dtalysed 
agmnst 4 x 500 ml of buffer A or B with magnettc 
stirring for 2,5 days at 220C After dtalysls the gel 
beads were washed six times with dialysis buffer to 
remove all non-entrapped vesicles, as described m the 
legend to F]~ 2 The gels were then repacked tmo 
columns 

Charactenzauon of entrapped veswles 
Veucle amount The entrapped vesicles were eluted 

with 50 mM chelate and the phosphohpld amount was 
detern'aned (ttmot of phosphohplds per ml packed gel) 
by the ultranncromethod of Bartlett [5] 

Vesicle volumes l he total vesicle volume (mternat 
volume together wRh hpLd bdayer volume) was esti- 
mated by chromatography of v-[14C]gtucose on the 
column, first after entrapment of vesicles, and second, 
after bolubthzatlon of the vesicles and dutton of the 
hpids with cholatc (cf Ref 2) The internal volumes of 
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Fig 2 U~alyms-emrapment of phosphohptd vesicles m Sepharose 6B 
(A, A') Ve~tcles formed and became entrapped in gel b¢,tds b~ 
~halys~ of cholate-solub~ pho~.phohpxds (phosphohp,d sohttaoa 
AS0, see Methods) and Sephato~ 6B gel beads The ehalysls mutture 
and buffer also contained 5 mlvl caleem After dialysis the gel Ucads 
were washed with d~ysas buffer (vath(mt calccm) m sax steps (1) the 
content~ of the chalys~s bag was transferred to a column m wbach ~¢ 
gel beads were packed, (2) the gel was washed m the coltmm, (3)-(5) 
the gd was w~hed by ccotnlug~a'amls of the ge~. be.ads at 1000 ~ g for 
3×10 nun and (6) the gel beads "~ere rk'paeked and washed aga~ m 
the ¢ohtma The washing volumes wea~ c0tleeted and analyzed fo~ 
phosphate and ca[¢¢tr~ B~'s 2-6 correspond to tim washing volumes 
from steps (2)-(6) FiRed bars show the phosphohp~d coneenttaUan 
told open bars show the ~ concenlrabon. ARer washing, the 
en~ap~d v ~ l e s  were fluted wUh 50 mM chelate Bar I shows the 
eluate (B, B') To emumme vehethex preformed yes.Ins could be 
trapped m or adso~hed to gel beads, ,~cstcles were fonaed by chalys~s 
of phosphOhpld ,lunon AS0 and then (taxed ruth gel heads m a 
te~t-ttl~ that Was kept at 4°C for 24 b O'udaUon of the vestries by 
oxygco ot hght was avoided by storage of the gel beads m the dark 
antler ratrogea gas The gel beads were w~hed and the vestcl¢.s were 

cluted as dust(thud above. Bars No 2-6 and bat I as above 
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After  dml)~l~ the gel beads  were thoroughly  washed  m 
six steps to reinov¢ non-en t rapped  material  completely 
(for  details, see legend to Fig 2) Firstly, the gel beads  
were packed  Into a c o l u m  and most  o f  the non-en-  
t r apped  ma tenaL  cor respond ing  to 8 0 - 9 5 ~  of  the origi- 
nal  hp ld  amount ,  was removed The  phosphohp td  and  
caleem concen t r auons  m the washing  volumes were 
de te rnuned  for  steps 2 - 6  (Figs 2 and  3) Typical  results 
ace shown for S e p h a r o ~  6B and  Sephaeryl  S-1000 N o  
phosphohp td s  or  ca lcem were removed m Step 2, ~ e ,  no 
en t rapped  ve~mles were removed or  b roken  m tl~s chro- 
m a t o g r a p h m  washing  step (Figs 2 and  3, A a n d  A')  
Next  (steps 3 -5) ,  the  gel beads  were suspended m 
buf fe r  a n d  washed  by cen tn fuga t ton  to remove ve.mcles 
or  hp td  aggregates  tha t  ~ere  t rapped between or  o n  top 
of  the ge |  beads  in the  co lumn The gel heads  were  then 
repaeked rote a ¢olurrm and  washed wi thout  any  toss of  
p h o s p h o h p l d s  or  ca lcem (step 6) Mos t  of  these vestries 
were removed  in the first cen tn fugaUon  (step 3) Fi- 
nally, the en t r apped  vesicles were solobthzed ru th  
chela te  a n d  the hp tds  were e.luted with 50 m M  cholnte 
The  ba r s  I in Figs 2A a n d  3A thus  represent  the 
a m o u n t  of  phosphohp td s  m the form of ent. tapped 
vesicles wltMn gel bead  pores (cf Tables  1 a n d  II) 
These careful waslung steps were used to prove that 
hp ld  vesicles h a d  been  en t rapped  in the gel pores  In  
fact,  to  j u d g e  f rom the results o f  Fig 2A a n d  3A, only  
eant r f fugat ton  procedures  are needed to remove non-en-  
t r apped  hp td  vesicles 

W h e n  p re fo rmed  vesicles were mixed with gel beads  
only  a p p r o x  1% of  the vesmles, cor responding  to  0 5 
/~mol of  p h o s p h o h p t d s  per  ml gel, were  adsorbed  to  or  
m gel beads  (F ig  2B) D~alysis of  cholate-hp~d so luuons  
wi th  Sephacryl  S-1000 resulted m a small a m o u n t  of  

the en t r apped  vestries were de te rmined  af te r  &alysts  
with 5 m M  calcem m the  dialysis  rmxture  and  buffer ,  
followed b y  washings  (of Figs  2 a n d  3), Vesacle-en- 
t r apped  ca lcem (eL Refs 6 a n d  7) was  released wi th  50 
m M  chela te  a n d  the concent ra taon w a s  de te rnuned  f luo-  
r o m e m e a l l y  us ing a s t a n d a r d  curve (ef Ref  2) 

Veswle stab~hty Vesicles were fo rmed  a n d  en t r apped  
m Sepharose  6B b y  &alysts  of  p h o s p h o h p t d  solutxon 
A60  with gel beads  The  gel beads  were washed  as  
desenhed  above (and  see legend to F~g 2) They  were 
s tored  m a test- tube u n d e r  m t rogen  m the d a r k  a t  4 ° C  
for  9 days  The gel was  packed  m a co lunm After  
eluUon vnth dialysis buffer  the  released vesicles a n d  
p h o s p h o h p t d s  were  d e t e m u n e d  b y  phospho rus  analys ts  

R e s u l t s  

Dmlyszs.entrapmem 
Vesicles were formed a n d  t r a p p e d  m gel beads  b y  

~Mysis  of  gel beads  wi th  detergent-solubthzed hptds  
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FIg 3 l~alyms-~mtraptmmt o1 phosphohlmd vemo.]~ m Sephactyl 
S-ICO0 (A, A') veto=ks bee.am¢ trapped m Scpha~yI ~1000 gel 
beads during fornmtton 'by dmlysts el cctyl ~t.~Kle-so]ubd~..ed 
hp,ds (pho~pholrptd soluaon B20, see Methods) and gel beads The 
dialysis mlxtasc ~'id buffer contained 5 co+4 eak~n The gel beads 
were washed after &alys,s mad the mmaob*hzed ,/eslcl~ were elased as 
d ~ n h e d  m the tcgend to FIB 2. Bars no 2-6 conesl~r~l to the 
washing volumes from washing step (2)-(6) tad bar 1 shows the 

,,ol ume collected when the veslcles wet~ elmedL 
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TABLE I 

Entrapment of phasphofipM vestcfes and protein phosphaltpM vesicles m gepharose 6t] upon oe~ele preparauon b~" dzalysrs 

Sepharos~ 6B gel be.ad.~ were chalysed m the presence of f#ven concentrattop~ of hpMs, choline and red cell membrm~¢ protons After dl.~lysts the 
gel bea0s were washed as de.scribed in the legend to F*g 2 and then packed rote a 25-ml column 

Ltp~d Protein Enlrapped Intemel vestcle volume ~restde Yteld ~ 
covert conch pho.~hohp~ds (#l//*mo] P) (.ul/ml Sol) dtameter (e~) 
(raM) ['mg/nd) ( ft mol/ml gel) (nm) 

20 t 2 8  3 6  10 1 ~  lS 
~ "  08 20 nd a nd nd I2 

b 95 16 15 ~ 19 
b 20 65 nd nd nd 16 

a 25 mM chelate (pho~'phohpzd soluuon A20) 
" 62 mM chotate (pho~pltohpM solution AS0) 

Mol of entrapped pho~phohl~ds m percent of reel of detergent-~olubthzed hlxd~ before dmlysts 
.i Not dcterrmned 

ent rapped vesicles (0 1 or 2 2 /~mol  of phosphohp[ds  pe r  
ml  gel, see Table  !1) The vemeles formed by  dmlysts  of  
cholat¢-hpld nuxtures [8] are small  compared  wi th  the 
Sephacryl S-lO00.pore stze (approx 50-200 n m  & a m .  
eter) These results int imate that  vesteles axe mee~am- 
eally t rapped reside the pores 

4% of the added  [carboxylD4C]eholate remained  m 
the chalysts bag af ter  2 5 clays of  ¢halys~s of  phosphoh-  
p~d solut ion A50, [carboxyl.t4e]eholate and  Sepharose 
6B gel beads The  ensumg wasinngs removed  mos t  of  
the restdual chelate,  0 4% of  the lmtia[  a m o u n t  was  
found m the hpld  fractton af ter  elut]on wxth 50 m M  
chelate  

CharoOenzaOon o f  entrapped vestcle an Sepharose 6B 
Phosphohptd vesicles became en t rapped  m gel beads  

of  Sepharose 6B to concentra t ion of 2 .8 -9  5 ~ m o l  of 
phosphohptds  per  ml  gel upon dialysis  of cholate-  
solubzhzed hpids  m the presence of the gel beads  The  
baghest m o u n t  of en t rapped  vesicles was  aclueved when 
the dmlysts rraxmre contmned 50 m M  hp]ds and 62 m M  

chela te  (Table  l )  These vesmles had  an in ternal  vo lume 
of  1.6 btt pe r  p m o l  of  phosphohptds ,  winch corresponds  
to a vestcle d iameter  of 60 m m  according to F ig  2 m 
Ref  9 The  total  volume was 1 7 ~ l / t~mol  of  phos-  
phohptds  A decrease  m hpzd c o n c e n t r a - o n  to 20 m M  
and chela te  concent ra t ion  to 25 raM, mcrensed the stze 
of  the en t rapped  vesmles (Table  I, cf Rcf  8) Theme 
average dmmeter  was 120 n m  and there m t c m a l  vo lume 
was  3 6 p.l pe r  ~tmol of  phosphohp lds  However,  the 
capae t ty  for en t r apmen t  decreased to  2 8 p, mol  of  phos-  
phohp lds  p ~  ml gel, Obvtous ly  the effect  of  the m-  
crease m vesrcle stze was counterac ted  by  the decrease 
m eapa~ty ,  such tha t  the total  in ternal  vo lume  of  
en t rapped  vestoles per  ml  gel  was  larger  m the first case 
( 1 5 / d )  than  m the la t ter  (10 #1) Protem-phosphohpzd 
vesicles became en t rapped  m amounts  cor responding  to 
2 0 or  6 5 p, mol  of phosphohptds  per  ml  gel, tha t  ts, 
70 + 2% of  the capacxues found for phosphohp td  vestcles 
en t rapped  under  straflar condattons The  ~ e l d  of  en-  
t rapped  phosphohp tds  was  12-19% and  was a lways  
decreased by  the presence of prote ins  m the dialysis  

TABLE [I 

Enrrapm.~t af pho,~pholJpM ve.~w~es and protein phox.ehoflpM uesJctes m Set~aer~l $1000 upon veszcle prepaeauan by a~aly~tx 

SephacrvI .%1000 gel be~d5 w¢~ dlldy.~l m the presence of Dvea concentratzons of hpnds, detergent end ]3mleoL After dtalysts the gel beads were 
washed as de~cnbe6 m the legend to Fig 2 anti then packed rote a 2 5 nfl ¢oluffm 

Lipid Protean Entrapped Internal ve~c[e volnme Ves,¢le Yield e 
con~ o conco phosphohplds (ttl//tmoI P) (pl/ml gel) dla.qleter (~) 
(mM) (mg/ml) (.~mvl/ml gd) (tun) 

• _ 30 73 ~ 230 18 
2D* 08 35 nd  nd  nd  19 
20 b - 01 nd  nd  nd 09 
50 c - 22 I0  nd ~ 30 

• 200 mM eclyl gluv.~zd¢ (.vhu~phohp]d svluuon B20) 
b 25 mM chelate (,phe~phohptd so|tx1~on A20) 

62 mM ehulate (phosphollptd solmton A~0) 
d IV~Oles Of eatrapped phosphohp,ds m percent of moles of dcterficnt-$olublhT~d hptds before dtaly~s 
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about  1 30 ( w / w ) ,  wh,ch tg consistent  with protein-ves- 
icle structure~ Lane B shows the pat terns  of the pro- 
terns wtueh v, ere included m the dialysis mlgture Al- 
most  al l  proteins in the mixture were tueorporated to 
the same extent  An except ion IS the amen  t ranspor t  
protein which seems to be  present m smaller amount  in 
the vesicles than  m the original  rmxture and m the 
non-entrapped mater ia l  (not shown) The large size of 
th~s protein may have reduced the yield m the recort- 
qt~tuuon and en t rapped  procedure, since the concentra- 
t ion of a m e n  t ransporter  mstde the gel beads ts consid- 
erably lower than  that  outside Lane A shows the pro- 
terns present  m the p u n h e d  red eel[ membranes Some 
pro*eros are  only  par t ly  solubthzed under the condi t ions 
used m our  experlmeatq 

D u n n g  9 days  storage of Sepharose 6B oath en- 
t rapped ~eslcles a t  4 " C ,  9% of the phosphohptds  were 
released 

Char, zcterlzatlon of oesaclez entrapped tn Sephacr) I S-1000 
The a m o u n t  of en t rapped  phosphohpld  vesacles and 

pro tem-phosphohptd  ~eslcles in gel beads of Sephacry|  
S-1000 corresponded to 0 1 -3  5 lame| of  ph0sphohplds  
per  Ilfl gel, as shown m Table  11 Dlalysts  of cholate-  
phosphohp id  solut ions and gel beads resulted m entrap- 
meat of 01 or 2 2 ~mol phosphohptds per mi gel The 
y~elds of en t rapped  phosphohp~ds were low, at  most  3q[ 

FI 8 4 So¢ltum dodecyl sulfate d~ctrophoresm m a gradient gel of 
polyacrylanude conc~attatmat S-2S~, "['he electrophorests w~ per- 
formed essenlmlly ~ de~rlh~l m Ref 10 Sample volume 70 p.I The 
gel was sdve~-slamed (A) Purified membranes from he.man red cells, 
(B) integral membrane proteins from human red cells aolubthzcd with 
ucty[ gluc~xde and added to the daalys,s motturc, (C) protcmb in- 
serted m dtalyus-tmlllObda..ed vestfles to ~1 beads and elated with 
cholate The mare compon~ls are the amon iran~pori~r (app,u'~nt Mr 
98000), the glyc~phorm A dlmer ($3000), the glucose lrmasporter 

(53 000-67 060) and the glycophorm A monomer (38f~0) 

nuxture With proteins present the yteld was 82 + 2% of 
the 3netd achieved with phosphohpldS alone 

Eleetrophoretle patterns of integral membrane pro- 
terns winch probably  became mser ted  m the hptd  b~- 
layers  of the vesicles t rapped  upon  &alysts  of  phos-  
phohp ld  so |utson AS0, prote ins  and  Sephaxose 6B gel 
beads  are shown m Fig 4, l ane  C Separate  electro- 
phoreUc experiments (not dlustrated) show that about 
10% of the proteins were entrapped. The ratio between 
protein and hpxd m the entrapped vesicles was therefore 

Fig ~; Schematic dlustranon of vesmles entrapped m pores of a gel 
head mauax and of non-emrapped wcsw.lns Only small parts of the gd 

beads ate sho~a 
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H~gher capon.it3, , 3 0-3 5/zmol of phosphohpids per ml 
gel. and a much hagher yield, 18-195g, were aebaeved by 
d~alys~s of oetyl glucostde-solubthzed hptds and gel 
beads In fins ease, the entrapped veSicles had internal 
volumes of 7 3 p.l per/~md phosphohptds, which corre- 
sponds to d~ameters of approx 230 nm The total 
volume was esumated at 7 1/~1 per gmol of phosphoh- 
p~d The capacity and the y~eid were mereased when 
proteins were included in the oclyl gluco8,de/lipid solu- 
non 

Dt~uss ion  

Entrapment procedure 
The very thorough wasl~ngs by both centnfugauon 

and chromatography are probably not needed A sam- 
phfieA procedure is the followmg 
(1) Phosphohpld soluuon ~s pumped into a gel head 

colunm A tmmmum amount of hptd solution wtU 
be needed and the ddution ts mmunal 

(2) The hptd-$el bead unxture ts transferred into a fiat 
daalyms cell (Fig 1) and dtalysed 

(3) The gel beads with entrapped ve~eles (F,g 5) are 
washed m three eentnfugatton steps to remove 
non-entrappeA vesicles For chromatographic use 
the washeA beads are packed into a column 

Mechamsm of entrapment 
Vesicles became entrapped m gel beads upon dmlysts 

of detergent-hp]d so|uuons m the presence of gel beads 
The vesicles probably became trapped at the sties of 
their formation, upon becoming sufficiently large com- 
pared to the s~ze of the pores (Fig 5) In general, the 
vesicle size can be controlled by choosing statable 
hp~d detergent ratios [8,11] The following results sup- 
port the above mterpretaUon 0) Preformed vesicles 
mxxed with gel beads became mamobtlzzed, probably by 
adsorption to the gel matrix, m much lower amounts 
than were obtained upon dialysis-entrapment (u) The 
amount of entrapped vesicles was dependent on the 
relative sizes of the vesicles and the gel bead pores The 
moan hn~tmg factor was that only vosides present m- 
side gel poreS of statable s~ze became entrapped Vesae!es 
formed outside the gel beads were, of course, not en- 
trapped tin) The vesicles that were trapped in the gel 
beads reduced the available volume reside the pores, 
and the properties of the gel as a medaum for gel 
fillratlon were changed (unpubhshed resdts) 

Apphcauons 
Tlus method to entrap vesicles into gel beads pro- 

v~des a new type of ehromatograpbac medmm. Since no 

hgands or ehermeal treatments are used, new sites for 
noa-speethc binding should not be formed 

Membrane proteins rmght easdy be incorporated rote 
the hpld bdayers of the entrapped vesicles for vane,s  
studies by mdudmg them m the dialysis mLxture 
Charged amp~phtles have been incorporated into en- 
trapped vesicles m the same way and the charges have 
proved to be acces~b]e for binding to proteins m ~on- 
exchange chromatography experiments (unpubhshed re- 
suits) 

Enksson and co-workers [12] have proposed that gel 
beads mtght be exeelleat earners of vesicles m expert- 
meats where membrane proteins reconstituted into 
vefa¢les are studied and the protem-hp~d vesicles should 
be separable from the meubaUon mixture Our method 
to entrap the vesicles m gel beads should be statable 
and offers the advantage of reasonable vesicle stablhty 

In the future, vesicles entrapped mto statable matrwes 
may be used as earners for drugs (or other agents) 
prowdtng a slow release o[, for mstartce, an anubmuc 
for treatment of bums 
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